comparative analysis of Litopenaeus vannanmei by transcriptome sequencing and characterization of two immune-relevant genes by 徐景祥
学校编码：10384                                分类号      密级       
学号：21620120153773                                        UDC        
 
 




Comparative analysis of Litopenaeus 
vannamei by transcriptome sequencing and 





指导教师姓名： 徐 洵  教 授 
专  业 名 称： 生物化学与分子生物学  
论文提交日期： 2015 年 04 月 
论文答辩时间： 2015 年 05 月 
学位授予日期： 2015 年    月 
                                            答辩委员会主席：           
评    阅    人：           



















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             











































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：             






























摘要 ............................................................................................................. 1 
Abstract ...................................................................................................... 3 
前言 ............................................................................................................. 5 
1 白斑综合症病毒（WSSV） .................................................................................. 5 
2 对虾免疫研究 ......................................................................................................... 7 
2.1 模式识别受体（PRR) ..................................................................................... 7 
2.2 体液免疫反应 .................................................................................................. 8 
2.2.1 酚氧化酶原系统（proPO 系统） ............................................................... 9 
2.2.2 抗菌肽 ........................................................................................................... 9 
2.3 细胞免疫反应 ................................................................................................ 10 
2.3.1 吞噬作用 ..................................................................................................... 10 
2.3.2 凋亡过程 ..................................................................................................... 11 
2.4 细胞信号转导 ................................................................................................ 12 
2.4.1 JAK-STST 通路 ........................................................................................... 13 
2.4.2 MAPKs 通路 ............................................................................................... 14 
3 非受体酪氨酸激酶 Src ........................................................................................ 14 
3.1 Src 结构 .......................................................................................................... 15 
3.2 Src 的功能 ...................................................................................................... 16 
3.2.1 Src 与肿瘤的关系 ....................................................................................... 17 
3.2.2 Src 在免疫细胞中的作用 ........................................................................... 17 
3.2.3 Src 与病毒感染的关系 ............................................................................... 19 
4 未折叠蛋白反应（unfolded protein response，UPR） ................................. 20 
4.1 PERK-eIF2α 途径 ........................................................................................... 22 
4.2 IRE1 途径 ....................................................................................................... 22 
4.3 ATF6 途径 ....................................................................................................... 23 
4.4 UPR 与病毒感染 ............................................................................................ 23 
4.5 UPR 在对虾中的研究 .................................................................................... 24 
5 转录组学研究方法及测序技术发展与应用 ....................................................... 25 
5.1 转录组测序的概况 ........................................................................................ 25 
5.2 对虾转录组的研究 ......................................................................................... 26 
6 本研究的内容，目的及意义 ............................................................................... 26 
第一章 抗 WSSV 性状差异的两种南美白对虾的转录组比较分析 .. 28 
1 材料与方法 .......................................................................................................... 29 















1.2 方法 ................................................................................................................ 29 
1.2.1 样品采集 ..................................................................................................... 29 
1.2.2 RNA 提取 .................................................................................................... 29 
1.2.3 测序文库的制备 ......................................................................................... 30 
1.2.4 上机测序 ...................................................................................................... 31 
1.2.5 转录组测序分析流程 ................................................................................. 31 
1.2.6 原始数据处理 ............................................................................................. 32 
1.2.7 转录本拼接 ................................................................................................. 32 
1.2.8 基因功能注释 ............................................................................................. 33 
1.2.9 基因表达水平分析 ..................................................................................... 35 
1.2.10 差异基因富集分析 ................................................................................... 35 
2 结果 ...................................................................................................................... 36 
2.1 RNA 样品的制备 ........................................................................................... 36 
2.2 转录组测序分析及拼接 ................................................................................ 37 
2.2.1 原始测序数据分析 ...................................................................................... 37 
2.2.2 转录本拼接 ................................................................................................. 38 
2.3 基因功能注释 ................................................................................................ 40 
2.3.1 基因功能注释 .............................................................................................. 40 
2.3.2 Nr 注释结果 ................................................................................................ 42 
2.3.3 GO 功能分类 ............................................................................................... 43 
2.3.4 KOG 分析 .................................................................................................... 45 
2.3.5 KEGG 代谢通路分析 ................................................................................. 47 
2.4 基因表达水平分析 ........................................................................................ 49 
2.4.1 差异基因筛选 .............................................................................................. 49 
2.4.3 差异基因表达水平聚类分析 ...................................................................... 51 
2.4.4 差异表达基因 GO 富集分析 ..................................................................... 53 
2.4.5 差异基因 KEGG 富集分析 ....................................................................... 54 
3 讨论 ....................................................................................................................... 58 
4 展望 ...................................................................................................................... 60 
第二章 南美白对虾 Src 在 WSSV 感染中的作用 ............................... 61 
1 材料与方法 .......................................................................................................... 62 
1.1 材料 ................................................................................................................ 62 
1.2 方法 ................................................................................................................ 63 
1.2.1 对虾 WSSV 检测 ....................................................................................... 63 
1.2.2 南美白对虾人工感染 WSSV 样品制备 ................................................... 63 
1.2.3 总 RNA 的抽提 .......................................................................................... 64 
1.2.4 DNase I 处理 RNA ...................................................................................... 64 
1.2.5 总 RNA 的反转录 ...................................................................................... 64 
1.2.6 荧光定量 PCR（real-time PCR） .............................................................. 65 
1.2.7 Western blot ................................................................................................. 65 















1.2.9 免疫荧光实验 ............................................................................................. 67 
1.2.10  HighFive 细胞培养 ................................................................................ 68 
1.2.11 质粒转染 ................................................................................................... 68 
1.2.12 免疫共沉淀 ............................................................................................... 68 
2 结果 ...................................................................................................................... 69 
2.1 南美白对虾 LvSrc 基因分析 ........................................................................ 69 
2.2 LvSrc 的组织表达图谱 .................................................................................. 71 
2.3 WSSV 病毒刺激后 LvSrc-1 转录水平及蛋白水平的变化 ......................... 72 
2.4 LvSrc-1 在血细胞中的分布 .......................................................................... 74 
2.5 LvSrc-1 对下游信号分子的调控 .................................................................. 75 
3 讨论 ...................................................................................................................... 77 
4 展望 ...................................................................................................................... 78 
第三章 南美白对虾 eIF2α在 WSSV 感染中的作用 ........................... 79 
1 材料与方法 .......................................................................................................... 80 
1.1 材料 ................................................................................................................ 80 
1.2 方法 ................................................................................................................ 81 
1.2.1 样品制备 ..................................................................................................... 81 
1.2.2 原代血细胞培养及抑制剂处理 ................................................................. 81 
1.2.3 对虾活体抑制剂实验 ................................................................................. 81 
1.2.4 dsRNA 的体外合成 ..................................................................................... 81 
1.2.5 南美白对虾体内注射 dsRNA .................................................................... 83 
2 结果 ...................................................................................................................... 83 
2.1 LveIF2α 基因分析 .......................................................................................... 83 
2.2 WSSV 病毒感染过程中 eIF2α表达变化 ..................................................... 86 
2.3 LveIF2α 在 WSSV 病毒感染中的作用 ......................................................... 87 
2.4 WSSV 病毒感染激活对虾的 UPR 途径 ....................................................... 89 
2.5 JNK 参与了 UPR 途径的调节 ...................................................................... 90 
3 讨论 ...................................................................................................................... 92 
4 展望 ...................................................................................................................... 93 
对虾相关研究工作展望 .......................................................................... 94 
参考文献 ................................................................................................... 96 
附录 ......................................................................................................... 107 
1 本论文所用主要仪器设备 ................................................................................ 107 
2 常用溶液及培养基的配制 ................................................................................ 109 
































Chinese Abstract ....................................................... 错误!未定义书签。 
English Abstract ........................................................................................ 3 
Introduction ............................................................................................... 5 
1 White spot sysndrome virus（WSSV） .............................................................. 5 
2 Studies on Immunity of shrimp ............................................................................ 7 
2.1 Pattern recognition receptors（PRR) ............................................................... 7 
2.2 Humoral immunity ............................................................................................ 8 
2.2.1 Prophenoloxidase-activating system .............................................................. 9 
2.2.2 Antimicrobial peptide ..................................................................................... 9 
2.3 Cellular immunity ........................................................................................... 10 
2.3.1 Phagocytosis ................................................................................................ 10 
2.3.2 Apoptosis ........................................................................ 错误!未定义书签。 
2.4 Cell signal transduction ..................................................... 错误!未定义书签。 
2.4.1 JAK-STST pathway ....................................................... 错误!未定义书签。 
2.4.2 MAPKs pathway ............................................................ 错误!未定义书签。 
3 Non receptor tyrosine kinase Src ......................................... 错误!未定义书签。 
3.1 Structure of Src ................................................................. 错误!未定义书签。 
3.2 Function of Src .................................................................. 错误!未定义书签。 
3.2.1 Roles of Src plays in cancer ........................................... 错误!未定义书签。 
3.2.2 Roles of Src plays in immune cell ................................. 错误!未定义书签。 
3.2.3 Roles of Src plays in viral infection ............................... 错误!未定义书签。 
4 Unfolded protein response（UPR） .................................................................. 20 
4.1 PERK-eIF2α pathway ....................................................... 错误!未定义书签。 
4.2 IRE1 pathway .................................................................... 错误!未定义书签。 
4.3 ATF6 pathway ................................................................... 错误!未定义书签。 
4.4 UPR and viral infection .................................................... 错误!未定义书签。 
4.5 Studies of UPR in shrimp.................................................. 错误!未定义书签。 
5 Application and development of transcriptome sequencing technology .. 错误!
未定义书签。 
5.1 Summary of transcriptome sequencing ............................. 错误!未定义书签。 
5.2 Study of transcriptome in shrimp ...................................... 错误!未定义书签。 
6 The purpose and significance of study ................................. 错误!未定义书签。 
Chapeter 1  Comparative analysis of two WSSV-resistance 
















1 Materials and methods .......................................................... 错误!未定义书签。 
1.1 Materials ......................................................................................................... 29 
1.2 Methods ............................................................................. 错误!未定义书签。 
1.2.1 Sample collection ........................................................... 错误!未定义书签。 
1.2.2 RNA extraction .............................................................. 错误!未定义书签。 
1.2.3 Construction of sequencing library .............................................................. 30 
1.2.4 Sequencing ..................................................................... 错误!未定义书签。 
1.2.5 Analysis approachof transcriptome sequencing ............. 错误!未定义书签。 
1.2.6 Processing of raw data ................................................... 错误!未定义书签。 
1.2.7 Assemble of transcripts .................................................. 错误!未定义书签。 
1.2.8 Annotation of unigenes .................................................. 错误!未定义书签。 
1.2.9 Analysis of gene expression ........................................... 错误!未定义书签。 
1.2.10 Enrichment analysis of differential expression gene ... 错误!未定义书签。 
2 Results ..................................................................................... 错误!未定义书签。 
2.1 RNA extraction ................................................................. 错误!未定义书签。 
2.2 Analysis and assemble of sequencing data ....................... 错误!未定义书签。 
2.2.1 Analysis of raw data ....................................................... 错误!未定义书签。 
2.2.2 Assemble of transcripts .................................................. 错误!未定义书签。 
2.3 Annotation of unigenes ................................................................................... 40 
2.3.1 Annotation of unigenes ................................................................................ 40 
2.3.2 Result of Nrannotation ................................................... 错误!未定义书签。 
2.3.3 Classification of GO ...................................................... 错误!未定义书签。 
2.3.4 Analysis of KOG ............................................................ 错误!未定义书签。 
2.3.5 Analysis of KEGG pathway ........................................... 错误!未定义书签。 
2.4 Analysis of gene expression .............................................. 错误!未定义书签。 
2.4.1 Screening of differential expression gene ...................... 错误!未定义书签。 
2.4.3 Cluster analysis of differential expression gene ............ 错误!未定义书签。 
2.4.4 GO enrichment of differential expression gene ............. 错误!未定义书签。 
2.4.5 KEGG enrichment of differential expression gene ........ 错误!未定义书签。 
3 Discussion ............................................................................... 错误!未定义书签。 
4 Perspective.............................................................................. 错误!未定义书签。 
Chapter 2  The roles of LvSrc plays during WSSV infection in 
Litopenaeus vannanmei ........................................................................... 61 
1 Material and methods ......................................................................................... 62 
1.1 Material ........................................................................................................... 62 
1.2 Methods ........................................................................................................... 63 
1.2.1 Detection of WSSV in shrimp ..................................................................... 63 















1.2.3 RNA extraction .............................................................. 错误!未定义书签。 
1.2.4 Procession of RNA by DNase I ..................................... 错误!未定义书签。 
1.2.5 Reverse transcription of RNA ........................................ 错误!未定义书签。 
1.2.6 Real-time PCR ............................................................... 错误!未定义书签。 
1.2.7 Western blot ................................................................... 错误!未定义书签。 
1.2.8 Detection of phosphorylation by Phos-tag Western blot 错误!未定义书签。 
1.2.9 Immunofluorescence ...................................................... 错误!未定义书签。 
1.2.10 High Five cell culture ................................................... 错误!未定义书签。 
1.2.11 Plasmid transfection ..................................................... 错误!未定义书签。 
1.2.12 Co-Immunoprecipitation .............................................. 错误!未定义书签。 
2 Results ..................................................................................... 错误!未定义书签。 
2.1 Analysis of LvSrc  ............................................................ 错误!未定义书签。 
2.2 Tissue distribution of LvSrc ............................................................................ 71 
2.3 Transcription and expression change of LvSrc-1 after WSSV infection ........ 72 
2.4 Distribution of LvSrc-1 in hemocytes ............................................................. 74 
2.5 Regulation of downstream signal molecular by LvSrc-1 . 错误!未定义书签。 
3 Discussion ............................................................................... 错误!未定义书签。 
4 Perspective ............................................................................. 错误!未定义书签。 
Chapter 3  The roles of eIF2α plays during WSSV infection in 
Litopenaeus vannanmei ............................................. 错误!未定义书签。 
1 Material and methods ......................................................................................... 80 
1.1 Material ........................................................................................................... 80 
1.2 Methods ........................................................................................................... 81 
1.2.1 Preparation of sample .................................................................................. 81 
1.2.2 Primary hemocytes cell culture and treatment of inhibitor .......................... 81 
1.2.3 Inhibitor assay in shrimp .............................................................................. 81 
1.2.4 Synthetic of dsRNA in vitro ......................................................................... 81 
1.2.5 Jnjection of dsRNA in shrimp ...................................... 错误!未定义书签。3 
2 Results ................................................................................................................... 83 
2.1 Analysis of LveIF2α ........................................................................................ 83 
2.2 Expression change of LveIF2α during infection ............................................. 86 
2.3 The roles of LveIF2α plays during WSSV infection ...... 错误!未定义书签。7 
2.4 WSSV infection activates the UPR in shrimp .................. 错误!未定义书签。 
2.5 JNK involved in the regulation of UPR .......................................................... 90 
3 Discussion ............................................................................................................. 92 
4 Perspective............................................................................................................ 93 















Reference .................................................................... 错误!未定义书签。 
Appendix .................................................................... 错误!未定义书签。 
1 Instruments ............................................................................ 错误!未定义书签。 
2 Regular solution ..................................................................... 错误!未定义书签。 
3 Publications ............................................................................ 错误!未定义书签。 












































究通过二代测序技术首次比较分析了对 WSSV（white spot syndrome virus）抗性
差异的两种南美白对虾群体的转录组，它们的基因表达水平存在明显差异，具有
750 个明显差异表达的基因，普通对虾及抗病对虾群体在病毒感染前后分别有
479 和 132 个差异表达基因。对差异基因 KEGG 富集分析发现 Lysosome， 






WSSV 能够调控对虾 FAK（Focal adhesion kinase）的活性，本研究从南美白对虾
转录组中获得了 5 种不同的 Src 序列（LvSrc），其中 LvSrc-1 与果蝇 Src42A 同源
性最高，具有 80%的序列相似性。它们具有不同的组织分布，且对虾血细胞中
LvSrc-1 的蛋白表达及磷酸化水平在 WSSV 感染后均发生了上调，说明该分子在
WSSV 感染过程中被激活。进一步研究发现 LvSrc-1 能够与 FAK 相互作用并促
进 FAK 的磷酸化。这些结果表明对虾 Src 在 WSSV 感染过程中发挥着重要作用，
这将为后续研究对虾 Src 家族激酶在病毒感染过程中的作用奠定基础。 
eIF2α 是 UPR（unfolded protein response）中的一个蛋白翻译调节因子，在
细胞应对病毒感染导致的压力反应中具有重要作用。已有研究报道表明 WSSV
感染能够激活 UPR 中相关基因的表达，为了进一步了解 UPR 在 WSSV 感染中
的作用，本研究对南美白对虾 UPR 中的 PERK/eIF2α 途径进行了分析。研究结
















有重要作用。同时，eIF2α 上游的 BiP 及 PERK 在 WSSV 感染过程中均被激活。


















Litopenaeus vannamei is the major species of the farmed shrimps in the world, 
and it has great economic value. However, the diseases which caused by pathogens 
have seriously threatened its aquaculture industry. Studies on the innate immunity of 
shrimp can be very useful for developing effective straegies to prevent viral disease. 
The transcriptome sequencing can analyze the expression level of mRNAs in a 
given cell population. The comparative transcriptome analyses were firstly conducted 
between two WSSV-resistence differences shrimp populations. And the results 
indicate that the gene expression profiles have significant difference, there are 750 
significant differential expression genes between them. Further study on the gene 
expression after WSSV infection found that there are 132 and 479 different expressed 
genes after WSSV infection in WSSV-resistence and WSSV-susceptible shrimp, 
respectively. The KEGG enrichment analysis of differential expression genes indicate 
that Lysosome, Phagosome and Protein processing in endoplasmic reticulum pathway 
have significant different between this two shrimp populations. Moreover, the 
information of novel genes are more integrated in our transcriptome than other datas 
already reported, and most genes have completed ORF, which will facilitate the 
further studies of immune response and molecular breeding. 
 Src family kinase （SFKs） is a non-receptor tyrosine kinase, and plays 
important roles in mediating celluar process and viral demands. SFKs can interact 
with FAK (Focal adhesion kinase) and regulate the downstream signaling pathway. 
Our previous study indicated WSSV infection can mediate the activity of FAK. In this 
study we obtained 5 different Src genes from the transcriptome data of Litopenaeus 
vannanmei, designated as LvSrc. The LvSrc-1 has high homology with Src family 
kinase, and the sequence shares 80% similarity with Src42A of Drosophila 
melanogaster. The transcriptional analyses suggest they have different distribution. 
The LvSrc-1 was induced by WSSV infection in hemocytes at both protein expression 
and phosphorylation levels, which indicated it was activated by WSSV infection. 
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